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Background of the Invention and Related Art Statement 
[0001] The present invention relates to a flow control valve 
used for various industrial instruments, for example, a 
hydraulically control apparatus, such as a vehicle and a f orklif t . 
[0002] Japanese Patent Publication (KOKAI ) No. 5-204465 has 
disclosed conventional pressure compensation type flow control 
valves as shown in Figs. 6 and 7 . The flow control valve shown 
in Fig. 6 has a structure in which a spool 22 is slidably fitted 
in a cylindrical body 21, and a spring 24 is disposed between the 
spool 22 and a control screw portion 23 screwed to a base end of 
the body 21. when a fluid flows from an inflow port 26 to an 
outflow port 25 along an arrow in Fig. 6, the spool 22 performs a 
pressure-compensation operation for automatically controlling an 
opening of a throttle portion 22a formed between the spool 22 and 
the body 21. Accordingly, the fluid flows out of the outflow 
port 25 at a constant rate corresponding to an opening of a fixed 
orifice 27 disposed at the inflow port 26. In this case, the 
control screw portion 23 is rotated for adjusting a spring force 
of the spring 24 to control the flow rate. 

[0003] The flow control valve as shown in Fig. 7 has a 
structure in which an inner cylinder 32 as a cylindrical portion 
is fitted in an outer cylinder 31. An annular space 34 is formed 
between the outer cylinder 31 and the inner cylinder 32 at a 
forward end side thereof from a screwing portion 33. Circular 
opening portions 31a, 32a are formed in peripheral walls of the 
outer cylinder 31 and the inner cylinder 32 for communicating 
inside portions of the outer cylinder 31 and the inner cylinder 



32 with outside portions thereof, respectively. An inner 
periphery of the inner cylinder 32 is communicated with an outer 
periphery of the outer cylinder 31 through the opening portion 
32a, the annular space 34 and the opening portion 31a. A 
cylindrical spool 35 is slidably fitted in the annular space 34. 
[0004] The spool 35 has a circular opening portion 35b at a 
position adjacent to a land portion 35a. When the spool 35 is 
displaced in an axial direction, a throttle portion 36 formed 
between an opening portion 35b and the opening portion 31a of the 
outer cylinder 31 is changed from a fully closed state to a fully 
opened state. A spring 37 is provided between a right end side 
of the spool 35 and an inner end of the screwing portion 33 to 
thereby elastically contact them, so that the spool 35 is 
elastically urged toward the left end side by the spring 37. 
[0005] A piston 38 operated externally is slidably fitted in 
the inner periphery of the inner cylinder 32. The piston 38 
includes a screw portion 38a integrally, and is movably screwed 
into the inner cylinder 32 through the screw portion 38a to 
thereby form a variable orifice portion 40 between the opening 
portion 32a of the inner cylinder 32 and the piston 38. 
[0006] When the fluid flows in through an inlet port 41a, the 
fluid flows into the annular space 34 through the orifice portion 
40 from the inner periphery of the inner cylinder 32 along an 
arrow in Fig. 7 (hidden line) . The fluid flows out to the outlet 
port 41b through the throttle portion 36 at a constant flow rate. 
In this case, the piston 38 is moved for changing an area of the 
opening portion 32a to control the flow rate. 

[0007] In the conventional flow control valves with the 
structures described above, when the fluid (operating oil) flows 
into the flow control valve, a fluid force is applied to the 



spool. Therefore, there is a difference in pressures at a front 
side and a rear side of the flow control valve. When the fluid 
force becomes too large, the fluid flows into the flow control 
valve at a very low rate. As a result, it is difficult for the 
flow control valve to perform the pressure-compensation function. 
[0008] in view of the above problems, the present invention 
has been made, and an object of the invention is to provide a 
flow control valve capable of maintaining a predetermined flow 
rate regardless of a difference in pressures at a front side and 
a rear side of the flow control valve. 

[0009] Further objects and advantages of the invention will be 
apparent from the following description of the invention. 

Summary of the Invention 

[0010] In order to attain the above objects, according to the 
present invention, a flow control valve includes a cylindrical 
body having a fluid input port or orifice and a fluid output port 
or orifice formed in a sidewall thereof; a spool fitted in the 
cylindrical body for compensating a pressure; a spring contacting 
the spool for applying a force in an axial direction; and a flow 
by-path connecting the fluid input orifice and the fluid output 
orifice. In the flow control valve of the present invention, it 
is possible to maintain a constant flow rate even when pressures 
at a front side and a rear side of the flow control valve are 
changed. 

Brief Description of the Drawings 

[0011] Fig. 1 is a vertical sectional view showing a structure 
of a flow control valve according to an embodiment of the 
invention; 



Fig. 2 is a sectional view of an input and an output port 
according to the embodiment; 

Fig. 3 is a sectional view of a flow by-path according to 
the embodiment; 

Fig. 4 is a sectional view showing an operating state of the 
flow control valve according to the embodiment; 

Fig. 5 is a graph showing flow control characteristics; 

Fig. 6 is a vertical sectional view of a conventional flow 
control valve; and 

Fig. 7 is a vertical sectional view of another conventional 
flow control valve. 

Detailed Description of Preferred Embodiment 

[0012] Hereunder, embodiments of the present invention will be 
described with reference to the accompanying drawings. Fig. 1 is 
a vertical sectional view showing a structure of a flow control 
valve according to an embodiment of the present invention. The 
flow control valve is to be built in a chassis block 11 of a 
hydraulic power unit (not shown) . A spool 2 is fitted into a 
cylindrical body 1 to be movable in an axial direction and a 
spring 3 is inserted in a cylindrical portion of the spool 2. 
One end of the spring 3 elastically contacts the cylindrical 
portion of the spool 2, and the other end thereof elastically 
contacts an inner end surface of a plug 4 screwed to a screw 
portion la of the body 1. 

[0013] The body 1 includes the screw portion la to be screwed 
into a screw portion 11a formed in the chassis block 11; a 
pinhole lb for filling a fluid into a large diameter portion 13 
including the spring 3; an input port lc formed of a plurality of 
orifices 8 arranged on a same circle for flowing the fluid 



supplied from a supply flow path in the chassis block 11 in an 
arrow direction into the spool 2; and an output port Id formed of 
a plurality of orifices 9 arranged on a same circle for flowing 
out the fluid at a constant rate from the spool 2 to a flow path 
in the chassis block 11. 

[0014] Fig. 2 shows a sectional view including a surface 
cutting through centers of the orifices 8 constituting the input 
port lc or centers of the orifices 9 constituting the output port 
Id. A plurality of orifices 8 and orifices 9 is provided 
parallel to an axis of the body 1. As shown in Fig. 3, a flow 
by-path 10 is provided parallel to the body 1 between the supply 
flow path and the output port Id. In order to prevent the fluid 
from leaking outside, an O-ring 6 is provided between the chassis 
block 11 and the body 1, and an O-ring 5 is provided between the 
plug 4 and the body 1, respectively. 

[0015] An annular groove 2a and a pressure transmitting hole 
2b that forms a small diameter portion 12 are provided in the 
spool 2, so that the fluid flowing from the input port lc can be 
discharged through the output port Id. The spool 2 moves forward 
or rearward in the axial direction to adjust a fluid opening 
portion formed of the input port lc and the annular groove 2a 
from a fully closed state to a fully opened state. 

[0016] In the flow control valve described above, when the 
fluid flows in through the input port lc, the fluid flows out 
from the output port Id through the annular groove 2a along an 
arrow shown in Fig. 1. In this state, a fluid pressure PI is 
applied to a left end side of the spool 2 through the pressure 
transmitting hole 2b, and a fluid pressure P2 is applied to a 
right end side through the pinhole lb. Accordingly, as shown in 
Fig. 4, a liquid pressure force Fl of nD 2 ( P1-P2 ) /4 is applied to 



the spool 2 as a driving force in the right direction, in which a 
left end (maximum) outer diameter of the spool 2 is D. A spring 
force F2 of the spring 3 is applied to the spool 2 as a driving 
force in the left direction, and a fluid force F3 (described 
later) generated at the annular groove 2a is applied to the spool 
2 as a driving force in the right direction. 

[0017] The fluid force F3 is expressed by the following 
equation: 

F3 = pQV-cos9 (1) , 

wherein p is a density ( kgf -secVcm 4 ) of the fluid (operating 
oil); Q is a flow quantity (cmVsec) ; and V is a flow rate 
(cm/sec) at the throttle portion. Incidentally, the angle 0 is 
an average angle of the fluid in a flow direction at the v&spnt- 

port Inprt, 

[0018] in a range where the flow rate of the fluid is so low 
that the fluid force F3 is negligible, when the liquid pressure 
force Fl is less than the spring force F2, i.e. Fl < F2, the 
spool 2 contacts a bottom surface of the cylindrical portion of 
the body 1. As a result, the flow rate increases with the fluid 
pressure. When the liquid pressure force Fl is larger than the 
spring force F2, i.e. Fl > F2, the spool 2 moves in the body 1 in 
the right direction as shown in Fig. 4. The spool 2 stops at a 
position where the liquid pressure force Fl and the spring force 
F2 are balanced. As a result, the fluid is discharged at a 
constant flow rate through the output port Id. 

[0019] m the state that the liquid pressure force Fl and the 
spring force F2 are balanced, when the supply fluid pressure 
increases, the fluid pressure PI increases to thereby move the 
spool 2 in the right direction. Accordingly, the opening of the 
orifice 8 is narrowed to reduce the fluid pressure PI. The 



spring force F2 is approximately constant, and the liquid 
pressure force Fl in proportion to (PI - P2 ) is controlled at a 
constant value. As a result, the fluid flows out from the output 
port Id at a constant flow rate. 

[0020] When the flow rate increase, further, as shown in 
equation (1), the fluid foroe F3 increases in proportion to the 
current speed V to move the spool 2 in the right direction. 
Accordingly, the opening of the orifice 8 is narrowed to reduce a 
quantity of the fluid flowing out from the orifice 9. On the 
other hand, the flow rate from the fluid supply side to the 
output port Id through the flow by-path 10 increases. A total 
quantity of the fluid relative to the fluid supply pressure is 
shown in Fig. 5 

[0021] m the flow control valve of the invention, the flow 
by-path 10 is provided as a fixed orifice at an outside of the 
flow control valve for connecting a front side and a rear side of 
the valve. When the flow rate is reduced with the fluid force F3 
acting on the spool 2, the fluid flowing through the flow by-path 
10 compensates the reduction. Therefore, it is possible to 
obtain the flow control valve with the excellent pressure 
compensation function. As shown in Fig. 5, when the flow control 
valve has no by-pass flow path 10, the flow rate is remarkably 
reduced as the fluid pressure increases. In contrast, when the 
flow control valve has the by-pass flow path 10, the flow rate is 
little changed with the fluid pressure. 

[0022] The present invention is not limited to the embodiment 
described above, and various modifications can be made within the 
scope of the invention. For example, the shape, size and number 
of the orifices 8, 9, the flow by-path 10 and the like can be 



.edified as necessity correspond^ to tne flow rate contrQl 
range 



(0023, flccording to the presMt . nvent . on _ fiQw 
vaive has the structure descrifced ^ ^ ^ ^ 

erefore tne flui d force has . larger ^ ^ ^ 

xt » PossMa to easii y controi the flo „ ra te and ohtain the 
excellent performance. 

while the inventlon has been expiained with 

to the specific events of the invention, the emanation is 
* lustrative and the invention is ii m ited oni Y by the appended 
claims . 
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